Using a new dataset on corporate bonds placed in international markets by emerging and developed borrowers, this article demonstrates that a high proportion of short-term debt exacerbates the effect of debt market illiquidity on corporate bond spreads. This effect is present during both periods of financial stability and of financial distress, and it is smaller in the banking sector than in other sectors. The article's major finding is robust when controlling for potential endogeneity. Moreover, the results are consistent with the predictions of structural credit risk models that argue that a higher proportion of short-term debt increases a firm's exposure to debt market illiquidity through a "rollover risk" channel.
Introduction
The recent financial crisis of 2008-09 affected international debt markets severely and produced a significant widening of corporate bond spreads. According to the literature on the determinants of corporate bond spreads, the primary factors that may have affected these spreads during the crisis are default and liquidity risks, which have generally been treated as independent determinants of corporate bond spreads. However, the financial crisis also highlighted the importance of rollover risk as a significant factor to consider in the pricing of corporate bonds. Despite a rich body of literature examining the influence of default risk and market illiquidity on corporate bond spreads (e.g., Merton, 1974; Collin-Dufresne, Goldstein, and Spencer, 2001; Campbell and Taksler, 2003; Longstaff, Mithal, and Neis, 2005; Chen, Lesmond, and Wei, 2007; Covitz and Downing, 2007; Bao, Pan, and Wang, 2011; Dick-Nielsen, Feldhü tter, and Lando, 2012) , empirical research on the role of rollover risk in corporate debt markets remains in its infancy.
Rollover risk refers to the risk faced by firms when their debt is about to mature and must be rolled over into new debt. If interest rates rise adversely, then firms must refinance their debt at a higher rate and incur more losses (interest charges) in the future. Therefore, rollover risk appears to be particularly relevant during episodes of market illiquidity for firms that need to refinance a significant proportion of their debt.
Using a new dataset on corporate bonds placed in international markets for the period from January 2004 to June 2009, this article shows that the effect of debt market illiquidity on corporate bond spreads is exacerbated by high levels of short-term debt over total debt. This effect is present during both periods of financial distress and of financial stability. The results also indicate that banks are more resilient to the marginal effect of debt market illiquidity through a rollover risk channel. These findings are consistent with the predictions of first-passage structural credit risk models, such as the model introduced by He and Xiong (2012) in which debt market illiquidity affects corporate bond spreads through a rollover risk channel.
The results in this article are statistically and economically significant even after controlling for the standard determinants of corporate bond spreads, internal liquidity, and potential heterogeneous effects of debt market illiquidity on corporate bond spreads (e.g., flight-to-quality and too-big-to-fail effects). Moreover, the results are robust to alternative measures of debt market illiquidity; to the inclusion of bond, rating, and time fixed effects; and to potential endogeneity bias.
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To overcome the endogeneity of short-term debt and to identify the causal effect of a firm's maturity debt structure on its corporate bond spreads, this article conducts two robustness tests. First, this article examines whether the main results are robust to an alternative measure of exposure to rollover risk defined as the ratio of long-term debt maturing within the year over total long-term debt. Using the proportion of maturing long-term debt rather than the proportion of short-term debt, this article is able to isolate the exogenous effect of rollover risk on corporate bond spreads from the response of firm managers to episodes of financial market distress. Second, this article replicates its baseline specification using a two-step efficient IV-GMM estimator that instruments for the proportion of shortterm debt using the firm's pre-established target in its maturity debt structure.
This article is related to the empirical literature on the association between firms' maturity debt structures and corporate credit risk. As a consequence of the financial crisis of 2008-09, recent empirical studies using US data have highlighted the maturity debt structures of firms as an important component of corporate bond spreads. Gopalan, Song, and Yerramilli (2014) show that long-term bonds issued by firms with a higher proportion of short-term debt (long-term debt maturing within the year) trade at higher credit spreads and are more likely to experience credit rating downgrades than firms with lower proportions of short-term debt. Hu (2010) argues that US firms with a proportion of maturing long-term debt higher than 0.2 experienced higher spreads during the second half of 2008, a period that coincides with the bankruptcy of Lehman Brothers. In addition, Chen, Xu, and Yang (2013) show that firms that had a larger portion of long-term debt maturing in 2008 experienced a stronger increase in CDS spreads compared with firms with less-maturing, long-term debt. This effect is particularly strong for firms with high leverage or high-cashflow betas and for CDSs with shorter maturity.
A related strand of the literature on the relationship between maturity debt structures and credit risk has shifted from US data analysis by exploiting within-country variation. Analyzing banks in the five East Asian countries most affected by the 1997 Asian financial crisis, Benmelech and Dvir (2013) find that long-term debt that was issued before the crisis but that became due during or immediately after the crisis had a negative, although not always statistically significant, effect on the probability of bank failure.
This article contributes to the literature in at least four ways. First, this article takes an additional step beyond the previously mentioned papers by exploring how a high proportion of maturing debt amplifies the effect of debt market illiquidity on corporate bond spreads through a rollover risk channel. This finding is consistent with recent theoretical arguments that suggest an interaction between liquidity and default premiums, whereby debt market illiquidity increases a firm's probability of default through increased rollover losses. Ignoring this channel when considering the effect of debt market illiquidity on spreads and adhering to standard models on the pricing of corporate bonds may be undesirable during periods of market illiquidity, as this approach may bias the results.
Second, in contrast to most studies that focus on US domestic bond markets, this article utilizes an unexploited dataset on corporate bonds placed in international markets by emerging and developed borrowers. Thus, this article presents new evidence of a rollover risk channel in international debt markets. The study of international debt financing is important, as recent empirical studies emphasize that debt issues in international markets are an important source of capital for firms. According to Gozzi, Levine, and Schmukler (2010) , the total amount raised through debt issues abroad in developed economies represents 35% of the total amount raised through debt issues. This magnitude reaches 47% in emerging economies.
Third, this article explores the relationship between rollover risk and corporate bond spreads during both periods of financial distress and of financial stability. Therefore, this study is a departure from most recent studies that exclusively focus their analysis on the period covering the bankruptcy of Lehman Brothers, which was a peculiar period of financial distress, particularly for the US financial market. Finally, by showing that banks are less affected by the marginal effect of debt market illiquidity through a rollover risk channel, this article contributes to the current debate regarding the regulation of nonbank financial corporations.
The remainder of the article is organized as follows. Section 2 briefly presents the theoretical framework that supports the empirical tests conducted in this article. Section 3 describes the characteristics of the data and the sample. Section 4 presents the empirical strategy and main results. Section 5 reports additional results and robustness checks. Section 6 concludes the article.
The Theoretical Framework
Rollover risk refers to the situation in which a firm's funding costs rise adversely and in which the firm suffers losses from issuing new bonds to replace maturing bonds. This section presents a brief theoretical discussion of two related channels through which rollover risk influences corporate bond spreads. First-passage structural credit risk models such as those introduced by Leland and Toft (1996) and He and Xiong (2012) frame the most important issues. Leland and Toft (1996) provide a framework in which rollover losses occur because a firm's funding cost rises as a consequence of lower bond prices. The model assumes a stationary debt structure that implies that when a bond matures, firms replace it by issuing a new, identical bond at market price, which can be higher or lower than the principal of the maturing bond. If the market price of the newly issued bond decreases below its principal value, then firms incur rollover losses. To avoid default, the equity holders of a firm bear these rollover losses, while maturing debt holders are paid in full, and endogenously decide to default when the equity value of the firm decreases to zero. He and Xiong (2012) extend Leland and Tofts's structural credit risk model by adding an illiquid debt market and demonstrate that rollover losses can also occur when a firm's bonds become illiquid. When market illiquidity deteriorates, bondholders must sell their bonds at a proportional cost, which increases the rollover losses of firms issuing new bonds to replace maturing bonds. Given that rollover losses are greater in firms with higher ratios of short-term debt to total debt because short-term debt is rolled over at a higher frequency than long-term debt, equity holders choose to default earlier if debt maturity is relatively low. Thus, the model predicts that the effect of market illiquidity on corporate bond spreads is amplified in firms with high levels of short-term debt over total debt through a rollover risk channel.
Although this article primarily tests whether the effect of market illiquidity on corporate bond spread is exacerbated in firms with higher ratios of short term to total debt, this study also controls for the potential effect of deteriorating general credit conditions.
Sample Characteristics and Data Description
Using Bloomberg Professional, I construct a new set of data on corporate bonds placed in international markets by developed and emerging market borrowers. The period under study is from January 2004 to June 2009. The dataset consists of month-end data and considers all fixed-rate bonds denominated in US dollars and available to Bloomberg in June 2009. 2 This article focuses on the international dimension of the data and excludes bonds issued by firms located in the USA or UK. The rationale for excluding these two countries is to reduce potential endogeneity biases stemming from the causal effect of debt market illiquidity on corporate bond spreads. It is well known that the financial distress of some individual financial institutions in the USA and UK generated great declines in market illiquidity during the recent financial crisis. For example, Aragon and Strahan (2012) show that stocks held by Lehman-connected funds experienced greater declines in market liquidity following the bankruptcy than other stocks. Therefore, during the crisis period, the debt market illiquidity measures used in this article and explained in Section 3.2 are more likely to represent an exogenous factor in corporate debt markets of countries other than USA and UK.
Despite these exclusions, the behavior of my spread data is consistent with the behavior of the spread indices that are widely used by investors and that represent nearly the entire universe of corporate bonds denominated in US dollars. The dataset contains bonds issued by publicly traded firms in the financial and nonfinancial sectors. The distribution of issuers by sector in the final sample is as follows: industrial (53.9%), banking (17.1%), financial (9.0%), utility (8.6%), telephone (7.8%), oil and gas (2.4%), and transportation (1.2%).
Given that only certain types of firms choose to access the offshore financing market versus the onshore financing market, the results in this article cannot be extrapolated to the entire universe of firms around the world. The sample of firms in this article is only representative of firms that issue international bonds denominated in US dollars. However, the study of international debt financing denominated in US dollars is important. According to Gozzi Levine, and Schmukler (2010) , debt issues in public markets are a more important source of capital for firms than equity issues are, and debt markets are more internationalized than equity markets are. Moreover, international debt issues tend to be denominated in foreign currencies, particularly US dollars (Hausmann and Panizza, 2010; Gozzi et al., 2012) .
To reduce potential coding errors, I clean the data in four ways. First, I eliminate the top and bottom 0.5% of the spreads from my analysis. Second, I exclude all observations in which any of the accounting variables exceeds the sample mean by more than five standard deviations. Third, I do not consider bonds issued in countries in which the total number of observations was lower than 30.
3 Fourth, I restrict the sample to bonds issued by firms with a Standard and Poor's (S&P) credit rating between AAA and B-. After the cleaning of the data, the final sample, including all control variables, contains 20,465 bond-month observations.
Corporate Bond Spreads
The dependent variable is the option-adjusted spread (OAS) from Bloomberg Professional. It measures the yield on a corporate bond in excess of US Treasuries after accounting for the value of any embedded option. Given that the main objective of the OAS analysis is to isolate the yield premium from the option premium, the OAS captures the credit spread, a liquidity premium, and the richness or cheapness of the bond after removing the effect of any embedded option (Fabozzi, 2006; Miller, 2007) . Appendix A explains in detail how Bloomberg Professional computes OASs for callable and noncallable bonds (i.e., bonds with and without embedded options, respectively). The use of the OAS in this study is important, as many corporate bonds contain embedded options. In fact, 57% of the sample observations correspond to bonds with contingent cash flows as a result of call, put, or sink features. The OAS analysis makes it feasible to compare spreads not only across corporate bonds with different maturity profiles, but also with different cash flow structures. In contrast, standard yield spreads on bonds with embedded options are meaningless because the exact maturity date of those bonds is unknown. In practical terms, this enables us to expand the sample size beyond a few bonds that match among all the dimensions. The bonds eliminated in this data cleaning step are bonds issued in the Bahamas, China, and Hong Kong. 4 Other studies using OASs include Becchetti, Carpentieri, and Hasan (2012) , Cavallo and Valenzuela (2010) , Huang and Kong (2003) , and Pedrosa and Roll (1998) .
While using the OAS greatly increases the sample of bonds, it does so at the cost of potential model misspecification. Accounting for the value of any embedded option depends on the specific model used to derivate OAS. Therefore, the behavior of OASs might be explained by a misspecification in the Bloomberg Professional model from which different interest rate scenarios are generated and the OAS is computed. However, the main results in this article are robust to a subsample of noncallable bonds. As explained in Appendix A, the OAS of a noncallable bond is simply computed as the constant spread that must be added to the Treasury spot rate to make the price of the risk-free bond identical to the observed market price of the corporate bond. Thus, the OAS computation of bonds without embedded options is analogous to the Z-spread and it is not dependent on interest rate models as it does not need to generate different interest rate scenarios. This suggests that the results from a sample of noncallable bonds are unlikely to be driven solely by misspecification of the pricing model.
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To explore whether my OAS data suffer from any selection bias, it is interesting to compare my OAS data with OAS indices. Figure 1 shows the OAS indices constructed from my data adjacent to the OAS indices reported by Bank of America (BofA) Merrill Lynch. 6 The figure displays each series for each credit rating category with their respective correlations. It is noteworthy that the indices constructed from my dataset adequately mimic the behavior of the BofA Merrill Lynch OAS indices and, therefore, the universe of bonds given a set of characteristics, such as credit rating, currency, amount issued, and time to maturity. This analysis suggests that the results presented here are unlikely to be affected by sample selection bias. Table I summarizes the mean spread using the S&P credit rating and the number of years to maturity. The table shows that OASs' increase as the quality of the credit rating decreases and that OASs' are considerably greater during the period of financial distress that included the Lehman Brothers bankruptcy.
Debt Market Illiquidity and Credit Market Conditions
It is generally known that there is a significant level of commonality in measures of bond illiquidity that indicates a significant systemic illiquidity component (Chordia, Sarkar, and Subrahmanyam, 2005; Bao, Pan, and Wang, 2011) . Therefore, in view of the financial crisis of 2008-09 and its effects, this article focuses on the systematic implications of debt market illiquidity and utilizes debt market illiquidity measures rather than bond-specific measures.
The four measures of debt market illiquidity used in this article are the gamma measure, the noise measure, the on/off-the-run US Treasury spread, and the KfW spread. Appendix B
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Although it is certainly true that OASs of callable bonds are model dependent, the results documented in this article are difficult to reconcile with the view that OASs are simple "noise" caused by model misspecification. The BofA Merrill Lynch OAS indices correspond to weighted averages based on the outstanding amount of each bond. Because of data restrictions, the OAS weighted averages from my data are based on the amount issued. In addition, given that the US Corporate BofA Merrill Lynch indices by credit rating are available only for bonds issued in investment-grade countries of risk, in the construction of my indices, I do not consider bonds issued in countries granted a lower than investment-grade credit rating. The index criteria used by BofA Merrill Lynch are available at http://www. mlindex.ml.com. describes these four proxies of debt market illiquidity and Figure 2 plots their monthly time series variation. 7 I report all my results using the gamma measure and use the other three measures largely for the purpose of demonstrating robustness in my baseline regressions.
The main idea of using proxies of debt market illiquidity related to other debt markets is to reduce potential endogeneity biases. On the one hand, the gamma variable provides a measure of debt market illiquidity that refers to the US corporate debt market, and For each credit rating category, the panels in the figure depict the weighted average OASs calculated from the bond-level data used in this article, in addition to the BofA Merrill Lynch OAS indices. The AAA, AA, A, and BBB US Corporate Indices are a subset of the BofA Merrill Lynch US Corporate Index, which include securities with an investment-grade rating and an investment-grade-rated country of risk. The BB and B US High Yield Indices are a subset of the BofA Merrill Lynch US High Yield Index, which includes securities with a lower than investment-grade rating and an investmentgrade-rated country of risk. Simple correlations between both indices are reported for each credit rating category.
therefore it is much more likely to be an exogenous variable in the estimation of the parameters of interest in a sample of countries other than the USA. On the other hand, the noise measure, the on/off-the-run US Treasury spread, and the KfW spread are proxies of debt illiquidity that does not refer to the corporate debt market, and thus they are more likely to Figure 2. Monthly time series variation of debt market illiquidity.
The figure plots the monthly time series variation of the four debt market illiquidity measures used in this article: the gamma measure, the noise measure, the on/off-the-run US Treasury spread, and the KfW spread.
be exogenous in the regressions conducted in this article than other measures based on corporate bond data. The results are qualitatively similar regardless of the measure used. Table AI in the Appendix shows the correlation matrix for those measures. The high correlation among the five measures suggest high levels of commonality and contagion in market illiquidity across debt markets, suggesting that those variables can be used as comprehensive measures of market illiquidity in bond markets.
Given that most measures of debt market illiquidity typically proxy general credit conditions (Hu, Pan and Wang, 2013) , this article also utilizes two measures of systemic credit risk. The first variable is the 3-month Libor-OIS spread, which is the difference between the London inter-bank offer rate and the overnight index swap rate. The second variable is the 3-month TED spread, which is the difference between the interest rate on inter-bank loans and the T-bill rate. It is generally understood that these spreads contain both liquidity and default premiums. Schwarz (2014) decomposes the Libor-OIS spread on market illiquidity and credit risk, finding that market illiquidity explains more than two-thirds of the widening of the euro Libor-OIS spread.
Short-term and Long-Term Debt Maturing within a Year
According to the theoretical framework introduced by He and Xiong (2012) , rollover losses increase with debt market illiquidity, and this effect is stronger for firms with higher ratios of short-term debt to total debt. Therefore, the empirical model presented in the next section considers debt market illiquidity, the ratio of short-term debt to total debt and the interaction of both as determinants of corporate bond spreads. The ratio of short-term debt to total debt is constructed using accounting data from Bloomberg and is calculated as the ratio of short-term borrowings to total borrowings.
Considering that short-term debt is endogenous, this article also utilizes the proportion of long-term debt maturing within the year rather than the proportion of short-term debt. Using the proportion of maturing long-term debt rather than the proportion of short-term debt, this article is able to isolate the exogenous effect of pure rollover risk on corporate bond spreads from the responses of firm managers to changes in credit risk conditions. The ratio of long-term debt maturing within the year to total long-term debt is also constructed using accounting data from Bloomberg.
Other Corporate Bond Spreads Determinants
To control for all variables that could directly affect corporate bond spreads, all specifications consider a comprehensive set of variables. The choice of the control variables is based primarily on structural credit risk models and the empirical literature on the determinants of corporate bond spreads (see, e.g., Collin-Dufresne, Goldstein, and Spencer, 2001 and Campbell and Taksler, 2003) . The descriptions, units, frequency, and sources of the variables are presented in Table AII in the Appendix. At the bond level, all regressions include bond fixed effects and control for the time to maturity. Bond fixed effects control for the endogeneity arising from time-invariant bond and/or firm heterogeneity. At the firm level, all models include S&P corporate credit rating dummies. Because credit ratings primarily consider the long-term and structural components of default risk (Lö ffler, 2004) , following Campbell and Taskler (2003) , I also consider the issuer's equity volatility and a standard set of accounting variables: operating income to sales, the ratio of short-term debt to total debt, the ratio of total debt to assets and firm size. 8 Finally, all models consider the ratio of cash holdings to total debt to control for the tendency of firms to mitigate refinancing risk by increasing their cash holdings (Harford, Klasa, and Maxwell, 2014) . As balance sheet variables are generally reported quarterly, I estimate monthly observations using linear interpolation, but the main results in this article are nearly identical when using quarterly data. At the country level, I include the S&P sovereign credit rating to control for a broad range of country-level factors correlated with sovereign risk that could affect the credit risk of private firms. Borensztein, Cowan, and Valenzuela (2013) show that sovereign credit ratings remain a significant determinant of corporate credit risk even after controlling for firm-level financial indicators of creditworthiness and macroeconomic conditions in the country. Finally, I consider the interaction between corporate credit rating and debt market liquidity to control for a potential "flight-to-quality" effect in which investors abandon risky bonds in favor of safer bonds during periods of market illiquidity. As part of the robustness checks in this article, I also consider a number of additional interaction terms to control for other potential heterogeneous effects of debt market illiquidity on corporate bond spreads. 
Regression Analysis

Corporate Bond Spreads and Rollover Risk
The central question of this study is to explore whether, consistent with a rollover risk channel, the effect of debt market illiquidity on corporate bond spreads is amplified for firms with high levels of short-term debt relative to total debt. Thus, the baseline specification is as follows:
where the subscript "bfct" refers to bond b, firm f, country c, and time t. A b , B r , and C t are vectors of bond, credit rating, and time dummy variables, respectively, and e bfct is the error term. To attenuate potential endogeneity concerns, I also re-estimate all models using the proportion of long-term debt maturing within a year rather than the ratio of short-term debt to total debt. Table III presents the main results from the estimation of my baseline regression by ordinary least squares with errors clustered at the bond level. Columns 1 and 2 report the results of my baseline regression setting g 9 and g 10 to zero to estimate the average rollover risk effect. The positive and statistically significant coefficients associated with the proportion of short-term debt and the proportion of the maturing long-term debt, respectively, are consistent with existing empirical literature on debt maturity structure and credit spreads (e.g., Gopalan, Song, and Yerramilli, 2014) . This effect is economically significant. A onestandard deviation increase in the proportion of short-term debt is associated with an increase of 26 bps in credit spreads. A one-standard deviation increase in the proportion of maturing long-term debt is associated with an increase of 13 bps in credit spreads.
Columns 3 and 4 report the results of estimating my full baseline regression. The results indicate that a higher proportion of short-term debt (proportion of maturing long-term debt) increases a firm's exposure to debt market illiquidity. All the coefficients of the interaction term between the proportion of short-term debt (proportion of maturing long-term debt) and debt market illiquidity are positive and highly statistically significant. This empirical finding is consistent with the theoretical framework introduced by He and Xiong (2012) on the relationship among market illiquidity, a firm's maturity debt structure, and credit spreads. Moreover, the negative and statistically significant coefficients associated with the interaction between corporate credit rating and debt market illiquidity suggest the presence of a "flight to quality" effect whereby bonds that are less risky in terms of their credit rating quality are less affected by episodes of market illiquidity than riskier bonds are.
Most of the coefficients associated with the control variables have the expected sign, but only a few are statistically significant. However, it is noteworthy that in unreported regressions that include industry and country fixed effects rather than bond fixed effects, nearly all coefficients are highly significant in the expected directions, and their magnitudes are consistent with those reported by Campbell and Taksler (2003) . This finding suggests that the variation across bonds and firms constitutes the explanatory power behind those variables. Subsequently, I explore whether my previous results are robust to alternative measures of debt market illiquidity. Table IV presents the results for three additional measures of debt market illiquidity: the noise measure, the on/off-the-run US Treasury spread, and the KfW spread. I report the results for both specifications, using the proportion of maturing short-and long-term debt. All coefficients associated with the interaction between the proportion of short-term debt (the proportion of maturing long-term debt) and debt market illiquidity are positive and highly statistically significant. Thus, the main finding in this article is robust not only to controlling for the potential endogeneity of short-term debt, but also to alternative measures of debt market illiquidity. Given that market illiquidity only fluctuates over time, I cannot simultaneously control for market illiquidity and time dummies. Table AIII in the Appendix reestimates the baseline specification including market illiquidity and other global variables, as in Duffee (1998) . This specification thus relies on market illiquidity, the 10-year US Treasury rate and the slope of the US Treasury rate rather than time dummies. The main finding in this article remains practically identical in both specifications. As expected, the results indicate that market illiquidity is positively related to corporate bond spreads and that this effect is greater in firms with high levels of short-term debt over total debt (the proportion of maturing long-term debt). The negative and statistically significant coefficients on the US Treasury rate and the slope of the US Treasury rate are consistent with previous findings on the relationship between treasury yields and corporate bond yield spreads (Duffee, 1998) . Considering that the main focus of this article is associated with the interaction between a firm's maturity debt structure and market illiquidity, I report my results using time dummies, as this approach controls for all factors that simultaneously affect all corporate bond spreads over time. My main findings remain qualitatively identical regardless of the specification used.
Rollover Risk and Bond Maturity
Thus far, I have shown that the effect of market illiquidity on corporate bond spreads is greater in firms with a high proportion of short-term debt (proportion of maturing longterm debt). Table V divides the sample into short-, medium-, and long-maturity bonds to explore the results according to the maturity dimension. I define short-maturity bonds as those with a time to maturity of under three years, medium-maturity bonds as those with a time to maturity between three and seven years, and long-maturity bonds as those with a time to maturity greater than seven years. The results show that the finding that debt market illiquidity affects corporate bond spreads through a rollover risk channel is present in subsamples of bonds maturing in short, medium, and long term. The results show that the magnitude of the estimated coefficient associated with the interaction term between the proportion of short-term debt and debt market illiquidity is somewhat smaller in the sample of bonds maturing in the long term than in the sample of bonds maturing in the short term. However, the results from the regressions that control for potential endogeneity using the proportion of long-term debt maturing within the year rather than the proportion of short-term debt do not show any significant difference between the estimated coefficients from the three different subsamples of bonds.
Periods of Financial Distress Versus Periods of Financial Stability
This article complements several contemporaneous studies that have specifically exploited the year 2008 to study the effect of rollover risk on corporate bond spreads (Hu, 2010; Chen, Xu and Yang, 2013) . Because the year 2008 includes the bankruptcy of Lehman Brothers, which is a particularly striking period, the results are likely to be driven by this event. Given that the sample period of the dataset used in this article is not confined to only the 2008-09 crisis period, Table VI explores whether the main results in this article are present during both periods of financial distress and of financial stability. Columns 1 and 2 present the results for the sample covering the 2004-07 period. Columns 3 and 4 present the results for the sample covering the 2008-09 period. The results indicate that the effect of debt market illiquidity through a rollover risk channel remains positive and significant in both periods. Thus, this article presents new evidence that a higher proportion of maturing debt contributes to amplifying the effect of market illiquidity on corporate bond spreads both in periods of financial stability and of distress.
Banks Versus Nonbanks Institutions
During periods of market illiquidity, bonds issued by banks exhibit higher spreads than bonds issued by nonbank institutions. A potential reason for this difference is that banks are more exposed to rollover losses as a result of their higher levels of short-term debt over total debt. However, because banks often have, among other characteristics, a lender of last resort that may alleviate the cost of rolling over their maturing debt during periods of market illiquidity, the bonds issued by banks may be more resilient to the influence of the marginal effect of debt market illiquidity. To explore whether the effect of debt market illiquidity on corporate bond spreads through a rollover risk channel differs across sectors, Table VII divides the sample into banks and nonbanks. The results indicate that, conditional on the level of the maturity debt structure, banks are less affected than nonbank institutions by the marginal effect of debt market illiquidity through a rollover risk channel. In the bank sample, a marginal increase in debt market illiquidity, measured by gamma, increases credit spreads by 1.303Â (short-term debt to total debt), whereas in the nonbank sample, a marginal increase in debt market illiquidity increases credit spreads by 3.351Â (short-term debt to total debt). This difference is qualitatively identical when using the proportion of long-term debt maturing within the year rather than the proportion of short-term debt.
Additional Results and Robustness Checks
Subsamples
Although the OAS methodology is a standard approach used in financial markets for removing the effect of the eventual embedded option of a bond; as explained in Section 3.1, this methodology may introduce some errors into the measurement of the dependent variable. To explore whether the OAS methodology is driving the results of this study, Columns 1 and 2 in Table VIII report the results for the sample of noncallable bonds. As explained in Appendix A, the OAS of a noncallable bond is simply calculated as the constant spread that must be added to the spot interest rate to make the price of the risk-free bond identical to the observed market price of the corporate bond. The coefficients of the interaction terms for debt market illiquidity and the proportion of short-term debt (the proportion of maturing long-term debt) remain positive and highly significant in both specifications. Table VIII also investigates whether the interpolation of my quarterly firm-level variables into monthly frequency affects the results. To eliminate this possibility, Columns 3 and 4 reestimate my baseline regressions using quarterly data and yield qualitatively identical results.
Is the Proportion of Maturing Debt a Proxy for Other Firm or Bond Characteristics?
Given that my primary term of interest is the interaction between the ratio of short-term to total debt (the proportion of maturing long-term debt) and debt market illiquidity, it is possible that these variables are proxies for another factor. The first possibility is that the proportion of maturing debt may capture other contemporaneous variables. Table IX presents the results of a more explicit test of this possibility by including a number of additional interaction terms. The four added terms correspond to the interaction of equity volatility, total debt to total assets, firm size, and the years to maturity with debt market illiquidity, respectively. I expect bonds issued by firms with greater equity volatility and leverage to be more vulnerable to episodes of market illiquidity, whereas I expect bonds issued by larger firms and bonds with a longer time to maturity to be more resilient to episodes of market illiquidity. Table IX shows that my previous findings remain relatively unchanged once the baseline regression is augmented to include all the new interaction terms. Moreover, several coefficients associated with the new interaction terms have the expected sign and are statistically and economically significant at standard levels of confidence. Firms with higher levels of equity volatility and leverage are more affected by debt market illiquidity. Furthermore, larger firms are less affected by market illiquidity.
Systemic Credit Deterioration
Given that most of the market illiquidity measures used in this article show increases during various market crises, these measures proxy general crisis periods rather than only specific debt market conditions. To disentangle whether the effect of rollover risk on corporate bond spreads is only consistent with debt market illiquidity or, more generally, with deteriorated credit conditions, I augment my baseline regression with the interaction of the ratio of short-term debt to total debt with two variables. The first variable is the 3-month Libor-OIS spread that is the difference between the London inter-bank offer rate and the overnight index swap rate. The second variable is the 3-month TED spread, which is the difference between the interest rate on inter-bank loans and the T-bill rate. It is generally understood that these spreads contain both liquidity and default premiums.
I estimate two alternative specifications. The first specification includes only the part of these measures that is unrelated to the liquidity premium. 9 The second specification includes the Libor-OIS spread and the Libor-OIS spread without extracting the liquidity premium components. Therefore, this method provides a strong robustness check. Table X presents the results of my augmented regressions. My coefficient of interest remains positive and highly significant.
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I first regress the Libor-OIS spread and the TED spread on debt market illiquidity and then use the residual from that equation in my baseline regression. The resulting residual retains all the financial information, except market illiquidity. (1)
Years to maturity 
Instrumental Variables Generalized Method of Moments (IV-GMM) Estimation
To further control for potential endogeneity, I replicate my baseline specifications using a two-step efficient IV-GMM estimator. 10 The IV approach implemented in this article is based on two observations. First, leverage ratios and maturity debt structures appear to be stationary. Several empirical studies support the existence of a pre-established target in the leverage and short-term debt to total debt ratios (Jalilvand and Harris, 1984; Opler and Titman, 1997; Antoniou, Guney, and Paudyal, 2006; Deesomsak, Paudyal, and Pescetto, 2009 ). In addition, Barclay and Smith (1995) show that it is the variation between firms that provides explanatory power in regressions on the determinants of a firm's debt maturity structure. 11 The sample used in this study appears to be consistent with this observation. In fact, the statistics reported show that the ratios of short-term to total debt have been relatively stable throughout the entire study period. Second, the recent financial crisis was largely unexpected. Therefore, the ratios of short-term debt to total debt before the crisis are unlikely to have reflected the risks associated with the financial crisis. Thus, this strategy exploits the unanticipated and exogenous financial shock that abruptly disrupted market illiquidity, while the firms' maturity debt structure remained relatively fixed at least in the short term.
In view of these observations, I estimate my baseline specifications using a two-step efficient IV-GMM estimator for the period from January 2007 to June 2009. I instrument the ratio of short-term debt to total debt and its interaction with debt market illiquidity with the historical average values of the maturity debt structure and with the 3-and 6-month lags of the interaction between debt market illiquidity and those average values. The average values for the ratio of short-term debt to total debt are estimated using the period before January 2007. Therefore, their values should reflect the pre-established target in the ratios of short-term debt to total debt unrelated to the risks associated with the period from January 2007 to June 2009. Additionally, to reduce the potential endogeneity of my control variables, I use 3-month lags for all independent variables. Table AIV in the Appendix reports the results for the second stage of the two-step efficient IV-GMM estimator for my baseline regression (Column 3 of Table III ). The results remain largely unchanged relative to my previous results. 12 The table also presents the F-test and R 2 of the excluded instruments and the p-values for the Hansen's J-test of over-identifying restrictions (Baum, Schaffer, and Stillman, 2003) . The F-test and R 2 of the excluded instruments indicate that the instruments and endogenous variables are correlated, even after
10
The efficiency gains of this estimator relative to the traditional IV/2SLS estimator is derived from the use of the optimal weighting matrix, the over-identification restrictions of the model, and the relaxation of the identical and independently distributed assumptions.
11
These authors obtain adjusted R 2 values of 0.16 and 0.26 in pooled and cross-sectional regressions with a much smaller R 2 of 0.02 in fixed effects regressions when the explanatory power of the fixed effects is excluded. The sample used in this study appears to be consistent with this observation. In fact, firm fixed effects can explain most of the variance in the ratios of short-term debt to total debt. Moreover, the statistics reported in Table II show that the ratios of short-term debt to total debt have been relatively stable throughout the entire study period.
12
Additionally, the results from the IV-GMM estimation are robust to use alternative start dates. Specifically, I replicate this exercise for two additional start dates (July 2006 and 2007) . The coefficients associated with the interaction term between the proportion of short-term debt and market illiquidity remain positive (1.796 and 1.511, respectively) and highly statistically significant.
eliminating the effects of all other exogenous variables. The J-test cannot reject the null hypothesis that all instruments are valid. Overall, the entire set of robustness checks presented in this article suggests that the main results in this article are unlikely to be influenced by endogeneity bias.
Conclusion
The recent financial crisis of 2008-09 has highlighted the importance of rollover risk as a significant factor to consider in the pricing of corporate bonds. Consistent with the predictions of recent structural credit risk models, this article demonstrates that the effect of debt market illiquidity on corporate bond spreads is exacerbated by a higher proportion of short-term debt through a rollover risk channel. This effect is robust when controlling for the standard determinants of corporate bond spreads, internal liquidity, and the potential heterogeneous effects of debt market illiquidity on corporate bond spreads. Moreover, the effect is robust to alternative measures of debt market illiquidity; to the inclusion of bond, rating, and time fixed effects; and to potential endogeneity bias.
Rollover risk is able to explain an important proportion of the divergence of corporate bonds across firms and sectors during and before the financial crisis of 2008-09. Thus, this article contributes to the empirical literature on the modeling of corporate bond spreads surrounding periods of market illiquidity. Although the effect of debt market illiquidity on corporate bonds spreads through rollover risk appears important, this channel has been ignored in prior empirical studies. the constant spread over the underlying Treasury term structure across each path that makes the theoretical value of the bond equal to the market price of the bond.
B. Debt Market Illiquidity Measures
B.1 The Gamma Measure
The gamma measure is the negative value of the autocovariance of price changes. The construction of this measure is based on the fact that illiquidity arises from market frictions and its transitory effect on the markets. Given that transitory price movements produce negative, serially correlated price changes, the gamma measure creates a meaningful measure of debt market illiquidity that captures the effect of illiquidity on prices. This articleuses the aggregated gamma measure that is obtained by aggregating the gamma measure across individual bonds. This measure from Bao, Pan, and Wang (2011) is constructed using information from the US secondary corporate bond markets from the TRACE dataset.
B.2 The Noise Measure
The noise measure is the aggregation of the price deviations across all bonds. These deviations are constructed by calculating the root mean squared distance between the market yields and the yields from a smooth zero coupon yield curve. The primary concept behind this measure is that the lack of arbitrage capital reduces the power of arbitrage and that assets can be traded at prices that deviate from their fundamental values. Therefore, this "noise" in prices contains important information regarding the amount of liquidity in the aggregate market. This measure is adopted from Hu, Pan, and Wang (2013) , who analyze "noise" in the prices of US Treasury bonds.
B.3 The On/Off-the-run US Treasury Spread
The on/off-the-run US Treasury spread is the spread between the yield of on-the-run and off-the-run US Treasury bonds. Although the issuer of both types of bonds is the same, onthe-run bonds generally trade at a higher price than similar off-the-run bonds because of the greater liquidity and specialness of on-the-run bonds in the repo markets. This specialness arises from the fact that on-the-run Treasury bond holders are frequently able to pledge these bonds as collateral and borrow in the repo market at considerably lower interest rates than those of similar loans collateralized by off-the-run Treasury bonds (Sundaresan and Wang, 2009 ). I compute the on/off-the-run US Treasury spread using 10-year bonds, given that the spread tends to be small and noisy at smaller maturities. The data sources used in the construction of this spread are from Gü rkaynak et al. (2007) 
B.4 The KfW Spread
The KfW spread is the spread between KfW bonds and German governmental bonds. As KfW bonds are bonds supported by an explicit guarantee from the German federal government, the KfW spread represents the liquidity premium that investors are willing to pay for the greater liquidity of federal government bonds compared with that of KfW bonds. The KfW spread is denominated in euros and is computed using two-year bonds. This spread is adopted from Schwarz (2014) . This table presents estimates from a panel regression of corporate option-adjusted spreads against the variables listed below. Market illiquidity corresponds to the gamma measure. All regressions control for industry, rating, and time fixed effects. Each equation is estimated by IV-GMM. Short-term debt to total debt and rollover losses are instrumented with firm fixed effects from a regression of short-term debt to total debt on firm dummies and with the 3-and 6-month lags of the interaction between debt market illiquidity and the same firm fixed effects. These firm fixed effects are estimated from the period between January 2004 and December 2006. All independent variables are lagged three months. Robust standard errors are clustered at the bond level and are shown in parentheses below each coefficient estimate. P-values for the Hansen's J-test of over-identifying restrictions are reported. ***, **, and * indicate significance at the 1, 5, and 10% levels, respectively. ST ¼ short-term.
(1) 
